angiography does not reveal an aneurysm. Investigators in two previous studies have assessed the value of MR imaging. 13, 26 In one, Rogg, et al., 13 studied 71 patients in whom initial angiography studies did not demonstrate the cause of SAH and found that abnormalities revealed on MR imaging led to diagnosis in 14%. In the other, Wijdicks, et al., 26 studied 19 patients with perimesencephalic SAH and found that MR imaging of the brain was nondiagnostic in 18. They suggested that the cost of MR imaging might outweigh the benefit of further evaluation of this particular variant of SAH. In another previous study researchers evaluated the usefulness of CT angiography in cases in which initial angiograms failed to reveal the origin of the SAH and found that aneurysms were demonstrated on CT angiography in six of 21 patients. 4 In the present study, we report on the diagnostic yield of these neuroimaging tests in all patients admitted to our hospital during a 6.5-year period.
Clinical Material and Methods

Patient Population
Using the International Statistical Classification of Diseases and Related Health Problems diagnostic code 430, we identified 806 patients with SAH who had been admitted to our institution during a 6.5-year period ( November 1, 1995 -March 31, 2002 . We reviewed all medical charts and/or computerized records in detail. The study was approved by the hospital's Human Research Committee. After excluding patients who had undergone initial head CT scanning more than 7 days after symptom onset, we identified 86 patients in whom initial catheter angiography had demonstrated no identifiable cause of SAH (for example, aneurysm, AVM, arterial dissection, or vasculitis). We analyzed clinical characteristics and data pertaining to subsequent cerebrovascular imaging tests (specifically, the timing, indication for, and results of catheter angiography, CT angiography, MR angiography, and MR imaging of the brain and spine). Because the sensitivity of MR imaging is enhanced with the use of contrast dye or newer sequences like susceptibility contrast, FLAIR, and DW imaging, we recorded the types of MR imaging sequences performed.
Classification of SAH
To determine whether the diagnostic yield of these tests differed according to the presence or location of blood on an initial CT scan, we classified SAH into three categories (Table 1) : CT-negative SAH; perimesencephalic; or nonperimesencephalic. Perimesencephalic SAH was diagnosed according to previously published CT scanning criteria, 12, 23 that is, the center of the hemorrhage is ventral to the brainstem (perimesencephalic, prepontine, or medullary cisterns) and intraparenchymal bleeding is absent. Extension of blood into the posterior regions of the anterior interhemispheric fissure without complete filling, extension into the stem of the sylvian fissure with no more than minute amounts of blood in the lateral sylvian fissure or sylvian cisterns, and sedimentation of small amounts of intraventricular blood in the lateral and/or fourth ventricles do not exclude this diagnosis. A typical example of perimesencephalic SAH is depicted in Fig. 1 .
To determine whether the extent and amount of subarachnoid blood influences the diagnostic yield of subsequent neuroimaging tests, we classified each patient's hemorrhage according to the system described by Fisher, et al. 3 : 
Statistical Analysis
We performed t-tests, chi-square tests, and one-way analysis of variance, as appropriate. Numerical data are shown as the mean Ϯ standard deviation; p Ͻ 0.05 was considered to be significant.
Results
Clinical characteristics of the patients are displayed in Table 1 . All patients had undergone initial head CT scanning on the day of admission. The mean time to initial scanning was comparable in all groups. Seventy-five patients (87%) underwent initial CT studies within 3 days after onset of SAH. This included 89% of patients in whom bleeding was not evident on initial CT scanning, 94% of patients with perimesencephalic SAH, and 80% of patients with nonperimesencephalic SAH. As expected, patients with nonperimesencephalic SAH had a longer hospital stay (p Ͻ 0.001), and those in whom SAH was not demonstrated on CT scanning were younger (p = 0.011). Hunt and Hess 6 grades were higher among patients in the nonperimesencephalic SAH group (p = 0.003).
In patients in the perimesencephalic SAH group, cisternal distribution of blood (multicisternal in some) was as follows: 30 prepontine (isolated in nine), 23 interpeduncular (isolated in three), eight suprasellar, five ambient, four premedullary, two quadrigeminal, and one stem of the sylvian fissure. Minimal blood was present in the ventricles on head CT scans in nine patients. In patients with perimesencephalic SAH less blood was demonstrated on CT scans than in those with nonperimesencephalic SAH (Fisher Group 3 in three patients with perimesencephalic SAH compared with 15 patients with nonperimesencephalic SAH, p = 0.003). Correspondingly, the incidence and severity of vasospasm was lower in patients with perimesencephalic SAH.
Initial cerebral (four-vessel) contrast angiography was performed within 48 hours post-SAH in 72 patients (84%), that is, at a mean of 1.7, 1.8, and 2 days in patients with negative CT studies, perimesencephalic SAH, and nonperimesencephalic SAH, respectively. Although the cause of SAH was not diagnosed based on initial angiography, incidental findings were noted in 45 patients (52%), including 27 with infundibular widening (20 in the PCoA) and three with unruptured saccular aneurysms.
Data regarding subsequent angiography and other neurovascular test results are provided in Tables 2 and 3 . Seventy patients (81%) underwent a second catheter angiography session at a mean of approximately 12 days after onset of bleeding (range 3-36 days; Table 2 ). In addition to initial catheter angiography, 71 patients (83%) underwent CT and/ or MR angiography, including 15 in whom a second angiogram was not obtained. One patient in whom SAH had not been demonstrated on initial CT and in whom angiography failed to reveal the source of bleeding underwent no further neuroimaging tests (Table 3 ). Most patients underwent a combination of second conventional angiography and CT or MR angiography. Twenty-nine patients (11 with perimesencephalic SAH and 18 with nonperimesencephalic SAH) underwent both CT and MR angiography; however, neither test revealed the cause of SAH.
In three patients lesions were visualized on the second angiography study: a 3-mm aneurysm on the ICA (Fig. 2) , a 3-mm aneurysm on the basilar tip, and a 2-mm aneurysm on the PCoA. All three presented with nonperimesencephalic SAH and underwent CT angiography on the day of initial angiography. Ten patients underwent a third conventional angiography session, which revealed the source of bleeding in one patient with nonperimesencephalic SAH as a 1-mm aneurysm on the ICA. This patient had undergone MR angiography 4 days before the third angiography session. All four aneurysms were surgically obliterated. Magnetic resonance imaging of the brain was performed in 49 patients (57%), usually within 10 days post-SAH. As shown in Table 2 , a large number of patients underwent FLAIR and DW imaging as part of our routine protocol. Twenty-nine patients underwent susceptibility contrast imaging and 40 patients underwent Gd-enhanced MR imaging. Magnetic resonance images of the spine were obtained in 38 patients, 28 with Gd enhancement. Most patients underwent MR imaging to determine the cause of SAH (for example, to rule out vascular malformation). Other indications for imaging included suspected vasospasm-induced stroke (five patients); suspected tumor, venous thrombosis, and ventriculitis (one patient each); and vertigo that occurred 3 months after SAH (one patient). Again, MR images of the brain and/or spine failed to exhibit any vascular lesion that explained the occurrence of SAH. Nonetheless, DW imaging revealed strokes in four patients with nonperimesencephalic SAH and in one patient with perimesencephalic SAH. In all these cases DW imaging was performed within 10 days after catheter angiography, and in two patients there was evidence of multivessel vasospasm.
Discussion
In this retrospective study of patients in whom the source of nontraumatic SAH had not been visualized on initial angiography and who had been admitted during a 6.5-year period to our institution, we observed that four-vessel contrast cerebral angiography was the only subsequent test that revealed the cause of SAH. The cause remained unknown with the use of indirect or noninvasive tests such as CT or MR angiography or MR imaging of the brain or spine, performed alone or in combination. Gadolinium-enhanced and susceptibility contrast MR imaging, both initially believed to increase the diagnostic yield, were performed in the majority of our patients; however, even these modalities failed to provide additional diagnostic information.
In this study, the cause of SAH was found on repeated angiography only in patients with nonperimesencephalic SAH. Repeated angiography was usually performed in patients with this subtype of SAH because potentially treatable aneurysms are found on a mean of 17% of second angiograms 7, 8, 19 and on a small but significant proportion of third angiograms. 17 Authors of some reports assert that noninvasive angiographic techniques such as CT and MR angiography can be used in lieu of direct angiography.
2,4,9,22 For example, in at least three case reports the authors describe MR angiography studies that demonstrated the cause of SAH in patients in whom conventional angiography studies revealed no aneurysm. 2, 9, 22 In another study in Japan, researchers found aneurysms in eight (53%) of 15 patients with nonperimesencephalic SAH in whom aneurysms had not been seen on initial angiography, in six (40%) of whom the diagnosis was based on CT angiography alone. 4 Our study data do not support the notion that MR or CT angiography can replace repeated direct angiography, at least given the limits of current CT and MR technology. In contrast with results of previous studies, 4, 7, 8 our findings show a low failure rate of initial angiography (only 4.6% in all patients studied and 10% in patients with nonperimesencephalic SAH), possibly because of differences in the technical aspects and interpretation of initial angiograms. It is conceivable that a low false-negative rate on initial angiography decreases the diagnostic yield on subsequent CT and MR angiography.
The absence of findings for the source of SAH on tests other than direct angiography in our study prohibited a direct comparison of CT and MR angiography. Due to the retrospective nature of this study, there were differences in the number, type, and timing of follow-up studies performed in individual patients (Tables 2 and 3) . Nonetheless, it is important to note that the majority were subjected to at least two angiographic techniques. This indicates that the diagnostic yield of conventional angiography is higher than noninvasive angiography studies, at least in patients with nonperimesencephalic SAH. Prospective studies and costeffectiveness analyses may be needed to validate these results. In three patients with subsequent positive angiography studies, CT angiography was performed on the same day as the initial negative study. Conceivably, a second CT angiography study performed closer to the date of the second conventional angiography study might have demonstrated the aneurysm; however, neuroimaging tests such as CT and MR angiography have low sensitivity in detecting aneurysms smaller than 3 mm, 24 and all of our patients proved to have small aneurysms.
A perimesencephalic pattern of SAH may be caused by the rupture of a posterior circulation aneurysm in 2.5 to 5% of cases. 11, 12, 20 Most believe that the benefit of initial catheter angiography outweighs its risks. Nonetheless, there is debate about performing further tests in patients with perimesencephalic SAH and in whom initial angiography studies are negative. Some advocate repeated direct angiography, 1 whereas others, emphasizing the benign prognosis of this subgroup, believe that the risks of direct angiography are too high and instead advocate the use of CT angiography. 21, 23 In our series of 36 patients with perimesencephalic SAH, the cause of bleeding was not detected on any follow-up test. Thus, a repeated study might not be required, provided the initial angiogram was technically adequate and displayed no vasospasm.
Magnetic resonance imaging of the brain and/or spine is often performed to search for underlying vascular malformations in patients with SAH for which the cause is not evident on initial cerebral angiography. Our data indicate that these tests have little diagnostic yield. Wijdicks and Schievink 25 reported on a patient with perimesencephalic SAH who proved to have capillary telangiectasis on a subsequent MR image; however, the significance of this finding was questioned in a later publication by these authors. 26 In a retrospective study of 71 patients, MR imaging of the brain revealed a single pericallosal aneurysm that had been missed on the initial angiography study. 13 The patient was young and had intraparenchymal extension of blood; however, this is a situation very different from isolated SAH and for which follow-up imaging is generally recommended. 5 In the same study, 13 spinal MR imaging was performed in 41 patients and revealed an occult cervical AVM in one patient with negative CT scanning results. It is notable that this patient's history was atypical for aneurysmal SAH and highly suggestive of cervical AVM (repeated episodes of neck and back pain). Thus, despite the negative results in our study, spinal MR imaging might still be useful in selected patients, for example in those in whom CT scans are negative for SAH and whose presentation is atypical.
Redistribution of blood can lead to misclassification of SAH. Initial images obtained relatively late (beyond 3 days after onset of SAH) in some of our patients may have resulted in a misclassification favoring nonperimesencephalic and CT-negative SAH. The results of FLAIR imaging deserve special mention. First, nearly all patients with CTdemonstrated perimesencephalic SAH also displayed cortical sulcal blood on FLAIR images. As emphasized by Wijdicks, et al., 26 the diagnosis of SAH subtypes depends on the initial CT appearance, and widespread distribution of blood on FLAIR images probably indicates redistribution (Fig. 1B) . Second, except for one patient with isolated intraventricular blood revealed on CT studies (classified as CT-negative SAH for the purposes of this study), no patient with CT-negative SAH had evidence of subarachnoid blood on FLAIR images. These results indicate that the sensitivity of FLAIR imaging in detecting high-volume SAH 27 might not be generalizable to patients with low-volume SAH (that is, bleeding not visualized on CT scanning).
Although our study data indicate that tests other than invasive angiography are unlikely to reveal the underlying vascular diagnosis, MR imaging of the brain or spine might still be useful. Unexpected MR imaging findings such as cerebral contusions can lead to the correct diagnosis, 13 and incidental or related findings like meningiomas or subclinical hydrocephalus can result in a change in patient treatment. 13, 26 Importantly, DW images can reveal acute strokes, 13 as was evident in five patients in our study. In our patients, strokes were believed to result from vasospasm or as a complication of recent invasive angiography. Another cause of stroke has also been proposed: 18 rupture of the lenticulostriate artery causing SAH, followed by obliteration of the ruptured artery causing stroke.
Conclusions
Patients with SAH and negative results on initial angiography studies usually undergo a variety of subsequent tests to uncover the underlying cause of bleeding. In this retrospective analysis of 86 patients in whom no cause of SAH had been demonstrated on initial angiography, we found that repeated catheter angiography was the only test with diagnostic yield. Noninvasive vascular imaging methods like CT angiography and MR angiography failed to reveal any culprit lesion. All positive results were obtained in patients with nonperimesencephalic SAH, lending support to those who believe that further testing is not mandatory in perimesencephalic SAH. Magnetic resonance imaging of the brain and spine (including Gd-enhanced and susceptibility contrast sequences) provided no additional diagnostic information; however, DW imaging demonstrated small infarcts in five patients. Our study data indicate that the benefit of second-and even third-catheter angiography cannot be underestimated.
